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Claims 



1. A type of recording liquid, cheuracterized in that the 
recording liquid is made of a recording agent for forming 
recording pictures and a liquid medium for dissolving or 
dispersing the aforementioned recording agent and it contains 
both iS-cyclodextrin and a water-soluble DV absorbent. 

2. A recording method, characterized by in that recording is 
carried out by using two or more recording liquids with different 
concentrations of the recording agent for at least one color of 
yellow, magenta, cyan and black, and at least one the of the 
aforementioned recording lic[uids is the recording liquid 
described in Claim 1. 

3. The recording liquid described in Claim 1 and the 
recording method described in Claim 2, characterized by the fact 
that the content of /S-cyclodextrin is in the range of 1-1.5 parts 
by mole with respect to the recording liquid. 

4. The recording liquid described in Claim 1 €md the 
recording method described in Claim 2, characterized by the fact 
that the water-soluble UV absorbent is a benzotriazole 
derivative. 

Detailed explanation of the invention 

Industrial application field 

This invention pertains to a type of recording liquid 
(referred to as ink hereinafter) and a recording method. More 
specifically, this invention pertains to a type of ink and a 
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recording method which can form pictures with high lightfastness 
for even the light color portions or blended color portions in 
the dark/ light ink method. 

Prior art 

The Inkjet recording method has become an attractive 
nonio^act recording technology that can form full-color pictures 
easily. In particular, the Inkjet recording method has good 
texture (solid feel) of the printer, high color reproducibility 
and abundant tone for the video printer, which prints out the 
video images, and for the printer that prints out the hardcopies 
of the personal computer graphics (CG) . 

Various methods have been proposed for the Inkjet recording 
process. For example, the present inventors have proposed an 
ink jet recording method (dark/ light ink method) in which two or 
more types of inks with different dye concentrations are used for 
each of one or more colors of yellow, magenta, cyan and black. 

By using the aforementioned method, as the ink for 
highlights (light ink) and the ink for dark portions (dark ink) 
are both used, it is possible to realize color reproduction for 
the wide density region from the highlight portion to the dark 
portion of the picture. When the **dot-8ize modulation method," 
in %rtiich the size of the injected ink droplets is changed 
corresponding to the signal so that the dot size on the paper is 
adjusted, is adopted at the same time, the effect of the 
dark/ light ink method can be further is^roved. 
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Problems to be solved by the invention 

However, in the aforementioned dark/ light ink method, 
although the use of the light ink has a significant advantage for 
picture foirmation, the picture formed nevertheless has problems 
with respect to lightfastness. That is, the picture portion 
formed using the light ink has a lightfastness a little lower 
than that of the picture portion formed using the dark ink. 

Usually, in the Inkjet recording method, an aqueous ink, 
that is, an aqueous dye, is often used as the recording agent. 
In this case, although the tone of the picture formed is 
excellent, the lightfastness of the picture is nevertheless 
problematic, and selection of the dye becomes difficult. In 
particular, when the dark ink is used for a density over a 
prescribed level, the lightfastness is relatively good; yet, when 
the light ink is used in the low-density region, fading takes 
place, and the lightfastness of the picture is insiif f Icient. 

It is believed that the aforementioned problem of 
lightfastness characteristic of the light ink is due to the state 
of aggregation of the dye molecules. That is, in the high- 
density state, the dye molecules are in the form of aggregates 
made of a collection of many molecules. When the ink is printed 
on the recording paper, the relatively large molecular 
aggregation is maintained. Consequently, the lightfastness is 
rather good. On the other hand, when the dye concentration 
becomes lower, that is, for the light ink, even when the 
molecular aggregates are formed, the number of molecules in the 
aggregates is small. Consequently, sufficient aggregation cannot 
he realized on the recording paper, the molecules may be subject 



to attacks by the radical initiators and active oxygen (singlet 
oxygen) generated by light, and the lightfastness is thus 
degraded . 

The purpose of this invention is to solve the aforementioned 
problems of the conventional methods by providing a type of ink 
and a recording method using the ink, characterized by the fact 
that a picture with excellent lightfastness can be formed even by 
using light ink with a low concentration of the dye. 

Means to solve the problems 

The aforementioned pxirpose can be realized by this invention 
with the following features. 

That is, this invention provides a type of recording liquid 
characterized in that the recording liqpaid is made of a recording 
agent for forming recording pictiires and a liquid medium for 
dissolving or dispersing the aforementioned recording agent and 
it contains both /8-cyclodextrin and a water-soluble DV absorbent. 
This invention also provides a recording method, characterized in 
that recording is carried out by using two or more recording 
liquids with different concentrations of the recording agent for 
at least one color of yellow, magenta, cyan and black; at least 
one of the aforementioned recording liquids is a recording liquid 
that contains both i5-cyclodextrin and a %rater-80liible DV 
absorbent. 



Function 



That is, according to this invention, the dye molecules as 
the recording agent in the ink are included by /S-cyclodextrin 
(including compound). Consequently, the picture printed by means 
of this type of ink is protected from the attack of the 
light-induced free radicals and singlet oxygen generated in the 
picture; at the same time, the OV light can be cut off 
effectively by means of the UV absorbent contained in the ink. 
Consequently, the printed picture can also be protected from 
degradation caused by the UV light. Due to the synergic effect 
of the light-induced degration effects of ^-cyclodextrin and UV 
absorbent, the lightfastness of the printed picture can be 
improved highly for the light-color and medium-color portions. 

Preferable modes of application 

In the following, this invention will be explained in more 
detail with reference to preferable application modes. 

For example, the ink used in this invention may be made of 
water, water-soluble dye, water-soluble organic solvent, wetting 
agent and other additives. There is no special limitation on the 
types and amounts of these ingredients, which may be selected as 
for the conventional Inkjet recording inks. 

When the ink of this invention is prepared from the 
aforementioned ingredients, /S-cyclodextrin and UV absorbent are 
added at the same time to form the ink. 

The amount of /S-cyclodextrin added into the ink should be in 
the range of 1-1.5 mol with respect to 1 mol of the dye in the 
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ink. If the amount [of iS-cyclodextrin] added in the ink is much 
smaller than the aforementioned range, the effect in improving 
the lightfastness is insufficient. On the other hand^ when the 
aforementioned amount is significantly larger than the 
aforementioned range, [/J-cyclodextrin] may be deposited in the 
ink, or the viscosity of the ink may rise to an undesired level. 

The water-soluble UV absorbent used in this invention may be 
prepared easily by means of sulfonation or carboxylation of the 
conventional DV absorbent. Any conventional type of UV absorbent 
may be used in this case. For exeunple, the UV absorbents with 
the following structures may be used preferably. 




A U - 1 



no t-su 

■••;;n>^ — 
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The preferable amount of the water-soluble UV absorbent in 
the ink is in the range of 0.5-2.0 wt%. As explained in the 
above, as the water-soluble UV absorbent does not deposit or 
precipitate in the aqueous ink, when the ink is used in the 
Inkjet recording method, there is no clogging of nozzle or other 
troubles . 

This invention is particularly useful for the light ink. 
For the light ink used in this invention, the concentration of 
the dye usually is in the range of 0.01-1 wt%, with its specific 
level determined corresponding to various factors, such as the 
tone-representing power of the Inkjet recording head (Inkjet 
recording head that can modulate the dot size (Gould process 
using piezoelectric element) , or Inkjet recording head that can 
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adjust the number of printed dots for each pixel or printing 
pattern (dither pattern) for a prescribed dot size (bxibble jet 
process, cylonix [transliteration] process)), and the type of the 
recording paper used. In addition, the dye concentration also 
depends on the molar absorptivity of the dye used. In susmary, 
the light ink refers to the ink that enables reproduction of the 
picture with the reflective density of the highlight portion of 
the pictxire in the range of 0-0.5, or preferably in the range of 
0-0.3. 

According to this invention, the conventional dyes for 
m2mufacturing inks are selected to prepare the inks for yellow 
(Y), magenta (M) , cyan (C) and, if needed, black (Bk) colors. 
For at least one color, two or more inks with different dye 
concentrations are prepared, and the light ink is also useful in 
forming the color image. 

In the conventional method, the light color portion and the 
blended color portion fade rapidly, and the overall color picture 
lacks a sufficient light fastness. According to this invention, 
however, as the light color portion and the blended color 
portion, in particul2ar, the portion containing the magenta dye, 
also have excellent light fastness, the overall color picture has 
excellent light fastness. 

As explained in the above, the ink of this invention can be 
used preferably in various recording methods. It can form 
pictiures with excellent light fastness. A preferable application 
is as the ink used in the Inkjet recording method. 

There is no special limitation on the specific recording 
method for use the ink of this invention. There is also no 
special limitation on the type of the recording material. The 



ink of this invention can be used for any type of recording 
material. 

However^ the most preferable method for this invention is in 
the formation of color pictures using two or more colors, as well 
as in the use of two or more types of inks of the same color, but 
different dye concentrations as the inks of this invention to 
form color pictures with dark/ light portions. 

In the conventional method, the light color portion fades 
rapidly, and the overall color picture lacks a sufficient 
lightfastness. According to this invention, however, as the 
light color portion also has excellent lightfastness, the overall 
color picture has excellent lightfastness. 

Application examples 

In the following, this invention will be explained in more 
detail with reference to application examples. 

Application Example l 

The compositions listed in Table I were stirred for about 
2 h, followed by filtration under pressure by mesms of a O.S^fm 
membrane filter, forming magenta dark/light inks M,, and 1^, 
respectively. 



Table I. 



M . 



M, 



A U - I 2 




Key: l ink 

2 C.I. Acid Red 37 

3 Distilled water 

4 Diethylene glycol 

5 Polyethylene glycol 

6 M-methy 1 -2 -pyrr o 1 idone 

7 iS-cyclodextrin 

8 Part(s) 



Then^ these inks were used for a monocolor printing test on 
an Inkjet color printer FP-510 (product of Canon Inc.)/ followed 
by lightf astness test using a xenon Fadeometer (product" of Atlas 
Co.), with the results listed in Table III. 

In the lightf astness test, light emitted from a xenon lamp 
was irradiated for 100 h, and the color difference fE* (the color 
difference in the chrominance space L*a*b*) was calculated. 
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Grades: O represents fE* = 0-5; A represents SE* = 5-10, and X 
represents SE* - 10 or larger. 

Application Example 2 

Magenta dark/light inks 1^, M5, and M5 of this invention were 
prepared in the same way as in Application Example 1, except that 
C.I. Acid Red 37 was replaced by C.I. Acid Red 143, and the DV 
absorbent AU-2 was used in this case. The same lightfastness 
test as in Application Example 1 was carried out for these inks, 
with results listed in Table III. 

Application Example 3 

Magenta dark/ light inks M7, M, and M9 of this invention were 
prepaured in the same way as in Application Example 1, except that 
C.I. Acid Red 37 was replaced by C.I. Acid Red 42. The same 
lightfastness test as in implication Example 1 was cairried out 
for these inks, with the results listed in Table III. 

Comparative Example 1 

Magenta dark/light inks Mu, M^, and M^ for comparison were 
prepared in the same way as in Application Example l, except that 
/S-cyclodextrin and the DV absorbent were excluded, and the 
compositions listed in Table II were adopted. The same 
lightfastness test as in implication Example 1 was carried out 
for these inks, with the results listed in Table III. 
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Table II. 



Ml 



@C.I 7i/^ K U » K 37 2 
fa M S3 
^^Xf-l/>4^V JO 



a y K V 5. 



(ft 
ft 
ft 



1.0 

30. OS 
10. (ft 



o.;a 

54. 

30. (ft 
10. (ft 



Key: l ink 

2 C.I. Acid Red 37 

3 Distilled water 

4 Diethylene glycol 

5 Polyethylene glycol 

6 H-methyl-2-pyrrolidone 

7 Part(s) 



Table III. 



M. 
M. 

M,. 
M,, 



Wfttt 

o 
o 
o 
o 
o 
o 
o 
o 
o 

£^ 

X 
X 
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Key: i Ink 

2 Lightfastness 

As can be seen from Table III in the above, for the pictiires 
printed using the deurk/ light inks containing appropriate amounts 
of /S-cyclodextrin and UV absorbents, the lightfastness is high. 
On the other hand, [in the absence of iS-cyclodextrin and UV 
absorbent] significant fading occxirred, and the quality of the 
pictures was degraded significantly. 

Effects 

As explained in the above, by adding i3-cyclodextrin and 
water-soluble UV absorbent into the ink, it is possible to 
improve the lightfastness of the pictxires printed from the ink. 
In particular, in the dark/light ink method, in which light ink 
and dark ink are used to represent the highlight portion and dairk 
portion of the picture, respectively, by adding iS-cyclodextrin 
and UV absorbent in the light ink, it is possible to improve the 
lightfastness of the monocolor portion and the lightfastness of 
the blended color portion of the pictures. 
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